ABSTRACT: Large-scale patchiness within the cervicornis zone at Discovery Bay, Jamaica, before the recent hurricane was due chiefly to variations in cover of Acropora cervicornis. Montastrea annularis and Agaricia agaricites, the 2 other important species in the zone, varied less among 3 sites surveyed, though M. annularis had slightly greater cover on the exposed east forereef. Relative species abundances of corals < 5 cm in diameter were very different from those in the total faunas. In all areas, A. agaricites predominated. A. cerv~cornis and M. annularis were rare. To examine processes producing the abundance patterns, life history observations were made on natural massive substrata surveyed in June 1977 and September 1978, and experimental substrata set out in April 1977 and examined from December 1977 to March 1978 and from October 1978 to January 1979. Agariciids were even more important as recruits than in the small-coral abundance data. Growth of small corals was variable, apparently somewhat greater In the branching A. cervicornis than in other species. Mortality on experimental substrata was > 90 %, as compared with < 60 % for natural substrata. The difference probably reflected the smaller size of corals on experimental substrata: size differences had a significant effect on mortality on natural substrata. Five-day laboratory experiments with the omnivorous echinoid Diadema antillarum showed that its grazing activities could cause strongly size-dependent early mortality. Extrapolation suggested that a coral remaining < 3 mm in diameter for 2 to 3 mo would have only a 20 % chance of surviving longer. With minor specific differences in early growth, the small-coral abundance patterns might thus develop from recruitment patterns. In feeding experiments, the common predators Hermodice carunculata and Coralliophila abbreviata both showed a strong preference for A. cerv~cornis. Corall~oph~la also ate M. annularis, but A. agaricites was untouched. Apparently the activities of these predators alone would simply increase the relative abundance of the predominant small coral. Known routine processes in this system are insufficient to account for the abundance patterns of corals in the zone These results emphasize the need to consider long-term processes and rare events in accounting for the abundance of long-lived colonial organisms.
INTRODUCTION
On coral reefs, as in forests, physical structure is provided by the predominant organisms, which are characterized by long life spans and indeterminate growth. As in any other system, the dynamics of these communities reflect the dynamics of their component populations, but the population biology of colonial corals is poorly known and poorly understood theoretically. In this study, 'reproduction' refers to sexual reproduction, 'recruitment' to the settlement of larvae, and 'individuals' are genetically distinct (cf. Harper, 1977; White, 1979) . Because of the long life spans of many scleractinian corals and the phenomenon of col-
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of the two. If ongoing processes are important, the developments and rare events over much longer differences in coral faunas among areas could be due periods, and the population biology of the organisms either to differential recruitment by habitat selection or involved at both levels of activity is necessarily comrestricted dispersal or to differential mortality or plex. growth among species.
This study examines some of the processes affecting coral abundance patterns in the cervicornis zone. It focuses on the early population dynamics of common Caribbean reef corals and a few major causes of mortality which can operate throughout the corals' lives. Competitive interactions have already been well studied (Lang, 1973; Ohlhorst, 1980) . Physical factors are not considered: within-habitat variation in light and water movement probably exceeds variation among the areas studied, and the common coral species do not differ in their ability to deal with intermittent sedimentation in the field (Rylaarsdam, 1980 and in prep.) . The questions it addresses are: (1) What were the relative abundances of coral species in 3 different areas in the zone? (2) What were the relative abundances of small corals (younger on average) in these areas? Did they suggest that differential recruitment could be largely responsible for the composition of the total faunas? (3) What were the rates of recruitment, growth, and mortality of small corals on (a) natural substrata and (b) experimental substrata in the study areas? (4) What were the relative susceptibilities of selected common coral species to specific sources of mortality, viz. grazing by the echinoid Diadema antillarum Philippi, and predation by the polychaete Hermodice carunculata (Pallas) and the gastropod Coralliophila abbreviata Lamarck?
The results show that the patterns of recruitment are extremely different from those of cover in the cervicornis zone: subsequent growth, injury, and repair processes must play a major role in producing the abundance patterns of corals. High turnover of both polyps and small colonies on a short time scale is tied to slow The research was done between 1976 and 1979 at the Discovery Bay Marine Laboratory of the University of the West Indies on the north coast of Jamaica (Fig. 1) . The forereef there is divided by a ship channel through the crest. To the west it has a marked slope, and below the crest divides into tongues of actively growing reef separated by widening sand channels, most of which merge at about -20 m where the slope steepens (Kinzie, 1973) . Two study areas were established.
The first area (1 in Fig. 1 ) was on Upper Buoy Reef at -l l m. The reef surface was complex, consisting of the fused, eroded, and encrusted skeletons of massive and branching corals covered in many places by a dense mesh of Acropora cervicornis branches, the lower parts of which were dead and in various stages of being reduced to rubble. Fleshy algae were common only in damselfish territories; elsewhere the dead coral substratum was heavily grazed, especially by echinoids, of which the most common was the spiny black Diadema antillarum. (North coast reefs have been heavily fished in recent decades, and piscine grazers were relatively unimportant.) Large massive corals occurred at intervals among the branches, as did some sponges and gorgonians.
The second area (2 in Fig. 1 ) was in the sand channel east of Upper Buoy Reef at a depth of -14 m; the larger sand channels on the west forereef are commonly about 3 m deeper than the adjacent reefs (see Kinzie, 1973 , for a picture of a boundary). Live coral and hard substratum alike were provided chiefly by isolated mounds ( < l m across) of massive corals which had been partially killed, bored, and grazed. Sponges and algae occurred sporadically, primarily in sheltered crevices.
The east forereef rests on a broad, gently sloping platform. Though relatively more exposed to the prevailing wind and currents, it has fewer directional features than the west forereef (except on its far eastern edge, beyond Discovery Bay). Over most of the platform, patches of rock and actively growing coral alternate with patches of sand and loose rubble at almost the same depth. The sand patches range in size from narrow rivulets and small pockets to large open areas (ca. 10 to 30 m across); rock patches span a similar range. The study area there, at -15 m, included both reef surface with a little sand and part of a large sand area with a little coral; by extension of Kinzie's (1973) west forereef zonation, it was in the lower cervicornis zone. The fauna included a variety of large sponges and gorgonians as well as many massive corals; Acropora cem'cornis was moderately important. Available hard substratum was about as common as live coral.
COMMON CORALS
Three species were common in the cem'cornis zone.
Brief descriptions are provided to emphasize important morphological differences among them.
Acropora cervicornis has tapered, irregular branches roughened by narrow exsert corallites. Colonies can range to over 1 m in height but more often break apart before reaching that size. A new recruit forms a small patch on the substratum with projecting corallites, one of which gives rise to a single branch. Corallites on the branch point at an angle away from the substratum; their orientation is useful in distinguishing recruited colonies from reattached fragments. Since any corallite can become the axis for a new branch, at a characteristically large acute angle, subsequent growth is (by chance) in a study area, and the chain extended approximately parallel to the reef crest. It was roughly horizontal but drooped slightly where the relief of underlying structures changed abruptly. The coral species or other objects (e.g. sponge, sand, encrusted rock) lying under successive links were recorded. This procedure was repeated several times in each area (minimum 9) until a graph of species number vs, links of live coral transected had reached a plateau (cf. Pielou, 1977) and the relative abundance of the most common species varied by no more than 2 to 3 % with additional data. These criteria gave limited consideration to the effects of patchiness; but the mean abundances of all species are in line with the impressions of a n observer swimming over the areas, and the confidence intervals are good for the common species. All areas were surveyed in 1976.
The coral faunas of the 3 areas differed markedly, despite the number of species they had in common ( begin forming between them and the colony grows z 5 0 yr rnax 5-10 yr rnax higher above the substratum.
Natural Substrata
Montastrea annularis (Ellis & Solander) may be hemispherical, moundlike and irregular, knobby, columnar, or plating (see Banes, 1973 , for excellent pictures). Colonies occasionally reach diameters of several meters. The surface of a colony is relatively smooth, as the differentiation of polyps is not reflected in high skeletal relief. New recruits are similar in size to those of Agaricia agaricites, or a little larger, and stand slightly higher above the substratum.
METHODS AND RESULTS
Since diverse types of data were used to answer the questions in the introduction, details of the methods are described immediately prior to the results for each. 
Small-coral abundances
Since smaller colonies must be younger on average than large, relative abundances of small corals should indicate whether a general abundance pattern is likely to have been established by recruitment or early mortality rather than by processes acting later. Abundances of small corals were estimated from counts of colonies which were < 5 cm in greatest diameter and appeared to be original rather than remnants of larger colonies. The latter criterion was not met if a colony had a thin, poorly defined edge, particularly if corallites along the colony's edge appeared almost continuous with eroded corallites on the adjacent substratum. I selected discrete patches of substratum and recorded the species and size of every 'original' small coral found in a close scrutiny of the surface. The substrata were of encrusted or recently dead coral rock without abundant fleshy algae or animals which could have prevented coral recruitment; except for that restriction, selection was haphazard. Their topographic complexity prohibited precise estimates of their surface areas, but these were probably .2 to .3 m' , varying according to natural topographic discontinuities and limited by diving time. Coral sizes were recorded as greatest diameters of < .5, .5, 1, 2, 3, 4, or 5 cm, using a centimeter rule; the margin of error was about .5 cm for the larger sizes and 1 mm to 2 mm for the 2 smallest. The criteria for determining the number of samples (usually 4 area-') were the same as for the transect data.
The small-coral faunas of the 3 areas were more uniform than the total abundance patterns ( 'others' is 12.854, p < ,051 by a small margin, due mostly to differences in the last, broad category). All consisted predominantly of A. agaricites, with L. cucullata and p0riti.d~. In no area did they resemble the composition of the total coral fauna. Most notable was the extreme rarity of small colonies of Acropora cervicornis and Montastrea annularis, the species which contributed most to the differences among the faunas of the 3 areas.
Life history observations of small corals Natural substrata -corals up to a few years in age Four substrata were censused in each of the areas in June 1977, 2 near each of 2 marker buoys. At least 2 sizable pieces of the substratum disappeared (an unanticipated but apparently common phenomenon), Stephanocoenia michelini 3 f 5 O-t 1 3 + 4 2 f 5 2 2 4 7 f 6 3+16 Acropora cervicornis
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Porites spp. but in September 1978 I relocated 2 substrata on Upper Buoy Reef and 3 in the sand channel. The east forereef markers were lost, and those substrata could not be reexamined.
The procedure was similar to that used in estimating abundances of small corals: the only addition was a record of the colonies' positions. I used a system of 3-dimensional coordinates extending roughly + 20 cm in each dimension, depending on the shape of the substratum. Definition of life history parameters was straightforward. Colonies present only at the second census were called recruits; those missing at the second census were presumed dead; growth was measured as change in maximum diameter, and was sometimes negative.
Experimental substrata -corals < 2 yr in age
The experimental substrata were branches of Acropora cervicornis killed and cleaned in fresh water and trimmed so that they approximated cylinders 40 cm in length. There were 80 in each study area, tied to frames of PVC pipe in various replicated cage treatments (Rylaarsdam, 1980) . Coral densities were so low that treatment effects were not significant, however. The branches were in fixed, approximately horizontal positions with 25 cm between their attachment points. They were set out in April of 1977, in an area of about 100 m2 at each site, and censused from December 1977 to March 1978 and from October 1978 to January 1979. Severe storms during the first winter delayed the work and damaged the east forereef treatments so badly that maintenance was abandoned; those substrata were examined only at the end of the study.
At the first census, 10 substrata in each area were left in place as transport controls while the others were taken to the wet laboratory, examined under a dissecting microscope, and returned to the reef; at the second, all were collected. Only the'length of branch between attachment points was examined; since branch circumferences were about 6 cm, this approximated a surface area of 150 cm2 substratum-'. Thus the corals observed at each site occupied a total area of about 1.05 mZ (70 branches) at the first census, 1.2 m2 (80 branches) at the second.
For each coral I recorded position (quadrant of branch and millimeters from one attachment point), 2 orthogonal diameters (to the nearest mm), condition, and probable species. Life history parameters were defined as for corals on natural substrata, but I added a n alternative measure of recruitment less biased by early mortality than the 10-monthly net rates based on total numbers of new corals at each census. Since corals begin growing soon after attachment, I assumed that any coral of 1 mm diameter had recruited in the preceding month, while any larger was older. This assumption was undoubtedly more realistic for some species than for others, but the monthly net recruitment rates obtained in this manner provide a useful contrast to the more conventional measure.
Recruitment
Both net monthly recruitment rates and new corals found after 9 to 10 mo on experimental substrata were lower for the sand channel than for either other area ( Table 3 ). The monthly rates, though derived from several different months, are quite consistent with the other data. They imply a much higher settlement rate, however. Agariciid recruitment far exceeded that of any other group, ranging from 66 % of the total on the east forereef to 96 % on Upper Buoy Reef at the first census. Poritids ran a distant second, and seemed less common on Upper Buoy Reef. Unidentified Faviina, perhaps Mycetophyllia and Diploria spp., may have been more common recruits on the east forereef than elsewhere. Small sample sizes preclude definitive statements on the latter point. Table 4 gives 15-mo net recruitment rates for the massive substrata found again in the field in 1978. Since no estimates of area were available, total numbers of corals are included for reference. Again the number of new colonies was lower in the sand channel, though original numbers were similar. Agariciids predominated, but less strikingly than in the restricted size class considered on the experimental substrata (60 to 67 % of the total).
Growth
The number of surviving corals on which growth could be measured was not large, and the variance of the estimates is consequently great. On experimental substrata, mean growth was about 0.5 cm in 9 to 10 mo for all species, though the range of variation was larger for poritids (0.2 to 1.3 cm, as compared with 0.3 to 0.9 cm for agariciids). Small Porites astreoides Lesueur seemed to grow uncommonly fast, though the sample was too small for statistical testing. The largest colony (0.8 cm) at the first census, however, did not change size before the second.
In the field, the sole colony of Porites astreoides which persisted for 15 mo did not grow either. Five other colonies 1 to 4 cm in diameter, which I have observed on the backreef ( -l m) and on deep settlement panels (transite boxes at -40 m; see Buss and Jackson (1981) for photograph), have also shown no positive growth in periods ranging from 4 mo to 1 y. .91
The sample size is small, even combining data from such disparate sources, but the pattern is striking in contrast to the rapid growth of smaller colonies. The single young Acropora c e~c o r n i s observed on the marked substrata in the field increased from 2 to 5 cm in 15 mo and acquired a 2 cm side branch. This growth was appreciably greater than that of the other species, though much less in absolute terms than that observed in larger colonies of A. cervicornis in this region (Rylaarsdam, 1980; Tunnicliffe, 1980) .
Mortality
Total mortality of corals on experimental substrata exceeded 90 % in both areas (Table 5) . Mortality was greater for smaller corals, but the overall size distribution was too limited for this effect to be separated from species and position effects (Rylaarsdam, 1980) . Mortality on natural substrata was lower (Table 6 ) despite the longer time interval involved. Annual rates inferred from the 2 data sets are 97 % and 54 %, evidence against the constant survivorship assumed in making the inferences. A X2 test on the relationship between size and mortality on natural substrata is significant with p < ,025, implying that larger corals have higher survivorship.
Differential effects of injuries
Several known causes of mortality were examined to see whether they were likely to produce differential mortality of the type observed among small corals or of the type which would have to occur among larger colonies to produce the abundance patterns of corals on the reefs.
Damage by grazing Diadema
Incidental damage to small corals by echinoids grazing primarily on algae was first suggested as a source of early mortality by Sammarco et al. (1974) . I did laboratory experiments to estimate its quantitative importance. I collected branch rubble (primarily A. cervicornis but also some P. furcata) haphazardly at a 1978 and January 1979. The total length of branches per trial ranged from 85 to 600 cm. On 2 occasions, circumstances prevented complete examination of the rubble on the day of its collection, so that the sea urchins were held overnight before being added to the aquarium. This treatment affected their behavior, resulting in damage to coralline algae and the encrusting foraminiferan Gypsina as well as a marked increase in the number of corals bearing scrape marks.
Results of grazing experiments are given in Table 7 , which sums the data from all 6 trials. In 5 d, 92 of 394 corals showed some change in condition; 70 of these changes could be attributed to Diadema (outcomes 7 and 8). The damage done by Diadema was strongly size-dependent. Even excluding data from the trials in which the urchins were held overnight and more corals were injured, a x2 on size and outcome is significant with p < .05. The greatest contribution to that result comes from the number of corals in the smallest size class which were knocked off the substratum (14 out of 98, in 4 trials), a much smaller component from the number in the second size class which were scraped but remained attached. The only suggestion of a species effect comes from the category 'unidentified agariciids' and is in fact another representation of the size effect.
Overgrowth
Although no systematic observations of overgrowth were made, the outcomes listed in Table 7 show that even in a short period of time, small corals can suffer extensive overgrowth by Gypsina and coralline algae (outcomes 4 and 6). The dead corals adjacent to .5 cm encrusting organisms (outcomes 3 and 5) either were killed indirectly or suffered some unidentified treatment effect (cf. outcome 1).
Predation by Hermodice carunculata and Coralliophila abbreviata
Prey preference experiments were conducted in the laboratory using Acropora cervicornis, Agaricia agaricites, and Montastrea annularis and the predators Hermodice carunculata and Coralliophila abbreviata, which can feed on corals of any size and many species (Marsden, 1962; Ott and Lewis, 1972; Glynn, 1973; Rylaarsdam, 1980) . One healthy colony of each coral species (branches of Acropora 4 to 25 cm, diameters of the other species 3 to 10 cm) was placed in a tub with an independent water supply and either a single polychaete or a large number (-15) of gastropods. (The latter procedure was undertaken because of space limitations in the laboratory. It did not appear to affect the results, as the snails ate infrequently and without obvious reference to each other's activities.) The worms were collected from the backreef, where they were more accessible, the snails from Upper Buoy Reef at -10 m. (Originally I wanted to do separate trials for small snails [< l cm], as they occur on different substrata in the field; but at least in the laboratory they consumed no coral tissue. This need not mean that snails have no effect on corals, but it implies that they do not produce differential mortality, which was the problem under consideration in these experiments). The experiments were monitored at least once daily; when a coral was preyed upon, it and the predator were removed and replaced with fresh individuals. Intact colonies were not replaced, to minimize collecting.
All 30 worms which fed in the laboratory chose Acropora cervicornis rather than Agaricia agaricites or Montastrea annularis, despite the fact that they were from the backreef, where A. cervicornis is rare and the other species common. Of 32 snails which fed in the laboratory, 22 ate A. cervicornis, 10 M. annularis; A. agaricites was ignored. A x2 test was significant with p < ,001.
DISCUSSION
Coral abundance patterns varied greatly within the cervicornis zone on the north coast of Jamaica (Table  1) . Comparable communities exist on reefs elsewhere in the Caribbean. The pattern was due chiefly to differences in the absolute abundance of Acropora cervicornis among the 3 areas sampled, and to some extent to higher abundance of Montastrea annularis on the east forereef. Agaricia agaricites had similar absolute abundances in all areas; variations in its relative abundance reflected the differences in cover of the other species.
Processes acting at any stage in the corals' lives could affect the abundance patterns, but observations on the abundance and recruitment of small corals in the study areas showed that differential recruitment was relatively unimportant (assuming, of course, that the small-coral patterns were typical). Species con~position of smaller size classes differed sharply from the relative abundances based on cover in all 3 areas, and exhibited greater similarity among areas (Fig. 2, Tables 1 to 4) . Some differential recruitment did in fact occur. The number of corals on experimental substrata was highest on Upper Buoy Reef, lowest in the sand channel, suggesting that larvae were either avoiding the predominantly sandy area or settling only a short distance from parent colonies. Some support for the latter interpretation comes from the fact that at the first census at Upper Buoy Reef, where nearly all recruits were agariciids, over 40 % of the corals were found in 1 of the 5 blocks of the experimental design (Rylaarsdam, 1980) . No comparable densities were found elsewhere or at the second census, and there was no apparent correlation with the abundance of other sessile organisms or the presence of damselfish (cf. Kaufman, 1979) , which could have suggested differential mortality. Such occurrences, however, could not account for the large-scale differences in cover.
The most striking feature of the small-coral abundance and recruitment data was the extreme rarity of acroporid and faviid corals (including Montastrea amularis). This was in marked contrast to their high cover. Bak and Engel's (1979) data on the relative abundances of small corals (< 4 cm across) in Curaqao are similar to those presented in Table 2 , and J. L. Wulff (pers. comm.) has analogous data from the Caribbean coast of Panama. Apparently the similarity of small-coral faunas in mid-depth forereef areas reflects fundamental characteristics of the principal species rather than local population phenomena on north Jamaican reefs.
Recruitment rates of different species on the experimental substrata (Table 3) varied ,more anlong areas than recruitment (Table 4) or relative abundance (Table 2 ) data for small corals on natural substrata. They may reflect temporal patchiness in settlement. If they are typical, however, they imply that subsequent growth and mortality differ strongly among areas, the size even of young colonies being poorly correlated with age. The observations of interrupted growth in Porites make the latter interpretation plausible.
Agariciid recruitment exceeded that of all other species at 2 censuses (Table 3) . It may also occur more regularly (Van Moorsel, 1981) , though the information on seasonal or sporadic recruitent of other corals is scrappy (but see Goreau et al., 1981) . Regular observations over a long time are needed to resolve this point. It is especially interesting in view of the fact that much early mortality appears to be density-independent (Diadema grazing: this study; Sammarco, 1980; coralline algae and Gypsina: this study; and Bak and Engel, 1979; sand scour: Bak and Engel, 1979) . If this mortality is uniformly distributed over time, recruits which appear continually in small numbers should benefit. On the other hand, seasonal recruitment is favored by seasonally limited mortality, e.g. if Diaderna is much less active in stormy weather.
The abundance patterns produced by recruitment are altered by differential mortality. In the first few years of life, this tends to affect whole corals, much as though they were solitary organisms. Thus in 15 mo, field mortality of whole colonies < 5 cm in diameter averaged 62 % ; (this figure corresponds closely to Bak and Engel's I19791 32 % in 6 mo, as both can be derived from a monthly mortality rate of 6.2 %).
The earliest differential mortality appears to be primarily a function of size. This was certainly true of the damage done by grazing Diaderna in the laboratory (cf. Sammarco et al., 1974; Sammarco, 1976 Sammarco, . 1980 . Only 67 to 86 % of the corals < 3 mm in diameter survived 5 d with Diadema, compared with > 95 % of larger colonies. Extrapolation, with a conservative margin, suggests that a coral which remained < 3 mm in diameter for 2 to 3 mo would have about 80% chance of dying by the end of that time; the mortality observed in 9 to 10 mo on experimental substrata could easily have been produced by this cause. An escape in size probably also exists from overgrowth by Gypsina and coralline algae (this study; Bak and Engel, 1979) .
Size may affect the susceptibility of corals to sand scour (Bak and Engel, 1979) . At the sites in this study, scour affected few substrata, but the sediment trapped by mats of filamentous algae (cf. Potts, 1977) could have similar effects. Algae themselves have diverse effects: single filaments can be completely surrounded by small colonies of several coral species, but bladelike or partially encrusting algae such as Dictyota and Lobophora do more harm (Glynn, 1973; own obs.) . Judging by the 5-d laboratory experiments, algae probably kill fewer corals than disturbance by Diadema, but their effects could be selective.
The advantages of settling at a relatively large size, as some rare recruits may do (own obs., < 25 corals: more data needed), or of growing very rapidly soon after settlement, as Porites spp. seem to do, are obvious. Such traits could lead to early differential survivorship among species; the data of this study are not enough to substantiate such patterns, but the superior survivorship of poritids on the experimental substrata is suggestive. Species differences of this type at this stage could have initiated the presumed transition to the observed general abundance patterns.
As colonies grow larger and partial mortality becomes more common, routine causes of tissue death seem to have less direct bearing on changes in relative abundance. For example, predation by Hermodice and Coralliophila is unlikely to produce the large-scale abundance patterns from the small-coral patterns. The results of limited prey preference experiments with these major predators suggest that their consumption of coral tissue would tend to enhance the small-coral pattern rather than change it. Some field observations agree with these results. Colonies of Acropora cervicornis often have freshly killed areas with marks characteristic of these predators (as well as damselfish bites and Diadema scrape marks, cf. Bak and van Eys, 1975; Kaufman, 1979) .
The relatively high frequency of injuries to Montastrea annularis in the laboratory, as compared with Agaricia agaricites, conflicts with both my qualitative field observations and Bak and Luckhurst's (1980) mortality data from C u r a~a o , which indicate that A. agaricites suffers more visible injuries per sampling interval than M. annularis. The solution to the conflict may lie in the superior regenerative ability of M. annularis (Bak et al., 1977) . which results in only very recent injuries being apparent. (A colony I observed in the laboratory took 2 wk to repair a 1 cm natural lesion completely.) M. annularis tends to maintain its form, rather than adding new skeleton peripherally and abandoning old (Bak and Luckhurst, 1980; Rylaarsdam, 1980) , but the turnover of soft tissue may be considerable, and the effect on the dynamics of other populations correspondingly large. Frequent (weekly or semi-weekly) field observations of marked colonies are needed to clarify the significance of laboratory results and establish the short-term dynamics of this species in more detail.
If routine processes alone cannot account for gross differences among areas, more attention should be given to long-term processes such as over growth and rare events such as toppling or breakage of colonies. Toppling of massive corals occurs commonly in severe winter storms, as the lost natural substrata showed, and, less often, in hurricanes. Montastrea annularis seems less susceptible to moderate disturbance than Agaricia agaricites (Bak and Luckhurst, 1980 ; own obs.); its high abundance on the exposed east forereef might have resulted from rarer toppling compensating for its low recruitment (this study; Bak and Engel, 1979) and slow growth (Buddemeier and Kinzie, 1976; Hudson, 1981) . This hypothesis can only be tested by long-term observations of marked colonies in diverse habitats. Severe damage in hurricanes is evidently less discriminate Woodley et al., 1981) .
Overtopping of massive corals by Acropora spp. (Shinn, 1976; Porter et al., 1981) can lead after a few years to death of entire colonies. In the cervicornis zone, this occurs only when branches grow high and densely enough to form a mesh above massive colonies. The extent to which massive corals are limited must therefore depend on factors limiting A, cervicornis.
Acropora cervicornis is a very rare recruit: no new colonies occurred on either the experimental or the marked natural substrata, and the total number of small colonies found in counts in the cervicornis zone corresponded to a density of < .5 m-2. It is evident, as has often been assumed, that high abundance of this species is due almost entirely to rapid growth of large colonies (sometimes > 20 cm yr-'; Lewis et al., 1968; Glynn, 1973; Buddemeier and Kinzie, 1976; Gladfelter et al., 1980; Rylaarsdam, 1980; Tunnicliffe, 1980) , and to dispersal by fragmentation (Gilmore and Hall, 1976; Shinn, 1976; Tunnicliffe, 1981; Highsmith, 1982) . After ordinary storms, fragments can often be stabilized and saved from further damage if they have landed on material they are able to encrust; variable abundance of such material among areas may affect the development of coral abundance patterns over many years (Rylaarsdam, 1980) . This hypothesis, again, should be tested by long-term observations, with particular attention to the periods following storms. After a severe storm, such as a hurricane, differential fragmentation among areas outweighs other influences on survivorship and subsequent propagation .
Over a long time, routine processes, slow developments, and catastrophes can all affect the development of differences among reef areas. Complex feedback may be important; the effects of one hurricane might depend on the effects of the one before and the time elapsed since. A great variety of developments is possible: it is important to understand that observations of a few reefs over a few years are indicative, not representative, of the interactions which can occur in a reef community of a given general type. Certain characteristics of the species can be considered constant, but their effects may depend on the context in which they occur. The widespread coexistence and variable abundance of common corals apparently owe much to the spatial and temporal patchiness of a Caribbean reef.
